Time-resolved (e, 2e) electron momentum spectroscopy on the toluene S 1 Synopsis We report a time-resolved (e, 2e) experiment on the toluene molecule in the S 1 (π, π*) state. The toluene S 1 state was prepared by a 267 nm pump laser and probed with electron momentum spectroscopy using a 1.2 keV incident electron beam consisting of a train of 4 or 8 ultrashort electron pulses (~ 1 ps) with 0.3 or 0.7 ns intervals. In spite of the low data statistics, the experimental results clearly demonstrate that the present technique selectively probes ionization transition to two-hole-one-particle configurations that are hardly accessible from the ground electronic state. Through many years of intensive studies, (e,2e) electron momentum spectroscopy (EMS) has been established as a means to look at molecular orbital patterns in momentum space [1, 2] . Recently, we have developed timeresolved EMS (TREMS) [3] by combining EMS with the pump-probe technique using an ultrashort pulsed electron beam. The experimental feasibility of orbital imaging for molecular excited states has been successfully proved for the outermost orbital of the S 2 state of deuterated acetone with a lifetime of 13.5 ps [4] . Here, in order to further demonstrate the unique ability of TREMS, we have applied TREMS to a long-lived species, the first excited S 1 (π, π*) state of toluene with a lifetime of ~80 ns.
Briefly, output from a 5-kHz Ti: sapphire femtosecond laser (<120 fs) was frequency tripled (267 nm) and was then split into a pump path and an electron-generation path. The pump laser (16 μJ, 2.5 kHz) was introduced into the vacuum chamber to excite toluene molecules. On the other hand, the 5-kHz electrongeneration laser was directed toward a backilluminated photocathode (40-nm, Ag film) to generate a train of 4 or 8 ultrashort electron pulses (~ 1 ps) with 0.3 or 0.7 ns intervals (100~200 pA) that induced EMS reactions of the excited molecules. Fig. 1 shows a TREMS electron binding energy spectrum of the S 1 toluene. While the data statistics leaves much to be desired, one may see the ionization bands at around 4.5 eV and 17 eV, which can be attributed to the ionization from the S 1 state. The theoretical calculations using the symmetry-adapted cluster configuration interaction method support this observation, showing that the final ionic states are dominated by the two-hole-one-particle configurations in which the electron excitaion from the π to the π* orbital is involved. This observation demonstrates the potential ability of TREMS to probe ionization of not only outermost orbitals but also of all other, more tightly bound orbitals in molecular excited states. 
